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Abstract:  
Daylight-guiding systems in office buildings have been researched for years in North America, Europe 
and in Australia.  This study discusses the effectiveness of applying a controlled Venetian semi-
silvered reflective blind system within the clerestory portion of a direct solar facing façade in a deep 
cellular office space. The objective is to maximize daylight levels along the ceiling plane, which reflect 
onto the workplane, reducing artificial lighting energy consumption. The intent of the installation is to 
maximize daylight penetration and to optimize visual comfort for the occupants. Several ray-tracing 
computer simulations and mock-up test cell experiments identify the optimum positions for the blinds 
relating to solar altitude and azimuth angles.  On site measurements were taken to evaluate the blind 
system performance for a real office space. The research concludes with several benefits as well as 
faults, suggesting improvement on the technology.  
1. INTRODUCTION 
It is well established that increased daylight in the workplace adds to amenity, improved well-being 
and productivity (Figure 1).  The entry of daylight can also become a liability when not properly 
planned for.  This project engages the introduction of a new day lighting technology for Australia.  The 
proposed innovation introduces computer controlled reflective blinds, that track the sun’s movements, 
increasing daylight levels along the ceiling plane, reducing the artificial lighting energy.  A control for 
this technology is suggested, which will reduce commissioning, and maintenance costs and takes into 
account user preferences.  At the same time the inclusion of the system is expected to improve 
amenity and productivity in the workplace.   
 
Figure 1.0  Daylight vs. artificial lighting in regards to productivity (Bartenbach Laboratory, 
Warema literature)  
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The intention is to optimise a much needed control of the clerestory façade through the use of a highly 
reflective and dynamically controlled Venetian blind system.   At the same time the user has the 
capability to override the control and blackout the clerestory portion.  Building-T on the Deakin 
University, Burwood (Melbourne) Campus has been selected to apply this daylighting system into a 
north facing facade in the clerestory region (Figure 2).  As indicated in Figure 2, the façade design is 
divided into a clerestory (daylight distribution portion) and an externally shaded vision portion.  This is 
an important criteria in the application of the particular blind system. 
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Figure 2    Window Wall Division for Daylight and View 
2. BACKGROUND  
The intention of directing light onto the ceiling plane of single sided façade office buildings is not new.  
In fact most of the Australian research on the subject matter emanates from the Lighting Innovations 
Centre at Queensland University of Technology (see Edmonds and Greenup references).  Laser-cut 
panels are installed, at present in Building-T, throughout most of the north facing clerestory region 
similar to Figure 3. 
 
  
Figure 3.0  A laser-cut daylight-guiding system in the clerestory portion of a façade (Greenup & 
Edmonds, 2003) 
The objectives of these guiding systems should be multi-fold: 
• the system design should avoid glare – especially at the façade area. 
• the system should be responsive to a changing direct solar incident angle. 
• the reflected light needs to be sent across the ceiling deep into the space 
• a uniform daylight-ratio, with increasing distance from the window, is desired. 
• they should be integrated with other lighting control sensor inputs. 
Reflec ive B inds 
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• the system should also consider periods of user unwanted light. 
 
The following chart in Figure 4.0, presents the daylight ratio (quotient) with various window systems.  
The light-guiding system with a division in the Venetian blind providing this uniform daylight ratio is 
also shown.  This system, however, is not mechanically controlled and its potential for solar tracking is 
not yet available. 
 
 
 
Figure 4.0  Daylight quotients with room depth and the Warema clerestory blind system (Warema) 
An advanced control system is proposed for the implemented light-guiding system.  This control is one 
which learns and responds to users needs automatically and over time adapts.  Adaptive control 
systems for lighting were pioneered by Dr. N. Morel and A. Guillemin in Switzerland and found to be at 
the 95% acceptance level as opposed to automatic control which is only 75% acceptable.  An adaptive 
day lighting distribution controls technology for office buildings, as defined here, is an independent 
project and would utilize the tested clerestory blind system as presented in this paper (Figure 5.0).  
 
 
 
Figure 5.0  The proposed clerestory light guiding system offered by ELERO (Huppe)1 Australia 
The idea is to apply an existing product, by Huppe Germany, which offers a semi-silvered reflective 
surface on the concave (upward facing) side and a matt grey finish on the convex (downward facing 
side).   
 
The research on semi-silvered (reflective) blinds is not new to European countries which have 
conducted several projects in different countries.  All of the referenced literature indicated that 
                                                
1  Elero Australia was a distributor of the Huppe blind system from Germany.  Both companies have disbanded 
since the undertaking of this paper. 
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specifically design test rooms were used for the research.  Furthermore, the semi-silvered reflective 
blind systems were tested over an entire window with no division.  In other words, the idea of a 
separate clerestory blind system was not a design consideration in these tests.   Nevertheless, tests 
did indicate acceptable light levels of up to 5-6 meters from a window.  It is also important to point out 
that the European tests show a tremendous light level reduction (about 50%) at the window (1.0 m into 
the room) from that of a clear unshaded window (see Figure 6.0). 
 
 
 
 
Figure 6.0  Tested reflective blind systems over an entire window opening  (Ruck et. al.) 
3. MEASURMENT AND TESTING  
Prior to the installation of this product into Building -T it was intended to investigate the control of the 
blind system in a separate test cell.  Unfortunately, due to delays in delivery and scheduled installation 
promises the blinds were installed into the building first.  As a result the untested and unrefined 
system was rejected almost immediately.  It was discovered that the blind system provided too much 
brightness at the clerestory, annoying users in this area.  It was also discovered that optimised 
positions, where reflected light onto the ceiling plane worked, gaps within the blinds allowed direct 
daylight penetration.  These above discoveries lead the researchers of this project into a whole series 
of investigations and experiments ranging from a test-cell to ray-tracing software. 
3.1. Raytrace:  a Simulation Program 
An Australian optics computer simulation program called Raytrace® was used to investigate the blind 
position (tilt) with respect to a given incident angle (I., Moore).  This program allows a two-dimensional 
(section) of the product to be observed.  The cross-section of the blind was modelled according to that 
of a full-scale sample.  Following this modelling, it was noticed that the blind curvature consisted of 
numerous flat sections as well as several parabolic portions.  It was not possible to construct the blind 
as a series of discrete linear portions.    
 
For the initial simulation testing a 45° incident (solar) angle to the blind was assumed.  The exact 
spacing of the blind series, as per manufactured supplied sample, was modelled as well.  The blinds 
were simulated for two different cases: one with their curvature upward facing, the other with their 
curvature in the traditional downward position (see Figure 7.0).  For each of the simulated positions an 
incremented blind tilt of  5 degrees, moving from a horizontal to a fully closed position was simulated. 
 
Figure 7A shows upward facing blinds reflecting angles off the ceiling and far back into the room quite 
successfully.   Figure 7B illustrates one of the best possible positions for the downward curved blind, 
which is not as successful. 
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Figure 7.0A & 7.0B  Raytrace program with blind curvature upward and downward facing 
3.2. An  Experimental  Test-cell   
A test cell was constructed to examine the blinds in detail (Figure 8 A and B).  This test cell consisted 
of a matt white reflective ceiling with the two walls and the floor pained a matt black.  The intention for 
the selection in the surface reflectance allocation is to observe the amount of light reflected strictly 
from the ceiling.  The objectives of the test cell were to determine: 
 
• where problems in glare occur  
• the blind tilt to provide the best angle for light distribution onto the ceiling plane. 
• what parameters are most significant for effective control  and 
• real room expectations in terms of daylight distribution depth 
 
 
 
 
Figure 8A&B  A test cell apparatus for the Huppe blind system 
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Although the previous simulation studies from the Raytrace program indicated successful results with 
an upward facing blind (Figure 8A) the real world mock-up revealed several additional outcomes.  The 
test cell highlighted a splayed mirror reflection on the side walls at various blind positions.  There was 
also a high indication of a glare problem when viewing directly at the blinds.  Such effects could 
disturb the observer, however consideration should be given as to where the blinds are positioned 
within the actual façade interior. In this case, the blinds are located specifically in a high clerestory 
portion of the façade (Figure 2).  Also the mirrored reflections on the test cell walls may be diffused 
within a real space which is not as confined, deemphasising this mirrored glare effect.   
 
3.3. Desktop Radiance:  A ray-tracing simulation tool 
Desktop Radiance is based on the most sophisticated lighting modelling simulation tool ‘Radiance’ as 
developed by Lawrence Berkeley National Laboratory.  It is used in the images below (Figures 9A) in 
an attempt to simulate the reflectance characteristics of the blind system within our test box.    
 
 
Figure 9B  Illuminance Simulation: West Facing Window in Melbourne on 21st June 15:00 
The results from the Radiance simulation are quite interesting and indicate in fact that there could be 
glare problems.  Another outcome from this modeling highlights that there may not be an effective light 
distribution to the rear of the cell.  However, such outcomes could be related to the blind position 
simulated. 
3.4. Actual Installation and Measurement 
The following photos (Figure 10 A&B) are taken at the site of Building-T illustrating where the blinds 
are installed and the location of the lux sensors.  These photographs show the actual installation 
providing some visual evidence of how the blinds perform in the real space.  Several luminance 
(surface brightness –cd/m2) images are taken at half-hour intervals with a calibrated Nikon Coolpix 
camera.  This camera utilizes a fish-eye (180º) lens and captures the entire ceiling plane (Figure 11).  
Note that there are two cases being observed for a given interval: case-A is the reflective blind system 
and case-B is a laser-cut panel.  Case-A and case-B are installed in two different, yet identical rooms.  
Figure 11 represents a daylight only condition for both cases. It can be seen here that Case-A 
provides more daylight distribution into the space. 
  
  
sensors 
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Figure 10A&B  Actual installation of the clerestory blind system and sensors 
Several studies were made for different days throughout the year, not shown in this paper.  For the 
illustrated cases in Figure 11 a clear sky condition varying between 40-80klux was observed.  
Although not shown here the daylight ratio was very satisfactory.  The back of this room has minimal 
apertures to a daylit atrium space.  Given the fact that the blinds are not controlled and were 
maintained in a horizontal position for all hours measured, the result is quite exceptional.  
 
Figure 11  Measurements of ceiling brightness (cd/m2) daylight (only) for two offices spaces.  
Case A: the semi-silvered blind and Case B: the laser-cut panel  
4. DISSCUSSION 
The inclusion of daylight optimising systems as applied in the exemplar building presented here can 
contribute greatly to the reduction of artificial lighting use.  Such systems also add amenity to their 
spaces, providing a sense of connection with the external environment.  It would appear that the 
application of light-guiding blinds would therefore be a given in the design of such spaces.  
Nevertheless, we are often confronted with the justified use of such systems and to claim their life-
cycle cost benefits.   
 
A quick ‘back of the envelope’ calculation in regards to cost benefit should consider the following: 
 
• the need for occupant control of daylight within the space 
• the amenity and productivity benefits of daylight for the occupants 
• the reduced use of artificial lighting. 
 
Given that the system as used in this study cost $2000 and accommodated four offices it could be 
said that the benefits need only be marginal to justify this cost.  Less than a 1% productivity increase 
from occupants would pay back the system within a year.  Given a building with god daylight design 
from the start, the energy payback alone, does not justify the installation.  Therefore it is important to 
consider these often ‘indirect benefits’ of increased user control and spatial amenity.   
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5. CONCLUSION 
The effectiveness of the semi-silvered reflective blind within the clerestory portion of a divided daylight 
distributing façade has several merits as well as faults: 
 
• It is effective at getting light deep into a space via the ceiling plane (6 meters). 
• It can be an asset, to energy reduction if properly controlled light dimming systems are employed.  
• It can reduce glare problems while remaining effective in light distribution.  
• It can respond to user needs in blocking daylight entry. 
• It has faults of contrast onto the ceiling (ie. shadow areas). 
• It requires solar tracking, blind tilt, and adaptive control algorithms to become more effective.  
 
Further research into this project is being undertaken by a master student and it is expected that there 
will be more justification for the use of such systems. 
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